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Background: Previous studies have suggested that children that are picky eaters may have a different and
less varied diet than non-picky children, but the literature on picky eating in Chinese children is limited.
Objectives: To assess the prevalence of picky eating in 6e35 month-old Chinese children, and to explore
how parents' perceptions of picky eating relate to children's intake and body composition.
Methods: 1414 6-35 month-old infants and toddlers from 8 Chinese cities were included in this study.
Questionnaires were used to collect information on family demographic factors, child picky eating be-
haviors, food group rejection, and parents' perception of child weight status. Dietary intake data was
collected via 24-h recall. Children's length/height and weight were measured.
Results: The reported prevalence of picky eating was higher in 24e35 month-olds (36% of children)
compared to 6-11 month-olds (12%). There were no consistent signiﬁcant differences in dietary intakes of
nutrients between picky and non-picky eaters. Picky eating children whose parents indicated that they
avoided eggs or fruit had lower intakes of these food groups compared to non-picky eaters, whereas
those reported to avoid meat had higher meat intakes. Weight status was underestimated by parents of
both picky and non-picky children.
Conclusions: Picky eating seems to occur at similar prevalence rates in China as has been reported in
other countries. Parents' perceptions of food refusal do not reﬂect actual intakes, nor do nutrient intakes
of picky eaters show additional gaps compared to non-picky eating children. In healthy children with
typical growth patterns, picky eating seems to be a normal phase of development experienced by some
children, without substantial consequences on their nutrient or food group intakes.
© 2016 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Nestle Research Center, Case
lson-Fries).
r Ltd. This is an open access article u1. Introduction
Adequate intake of energy and nutrients is essential for healthy
child development. In general, the diets of Chinese infants and
toddlers are adequate for most nutrients (e.g., using a latent proﬁle
approach: Chen, Denney, Zheng, Vinyes-Pares, Reidy, et al., 2015).nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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vitamin B6, and folate, with excessive intakes of sodium and
vitamin A in 6e35 month-old Chinese children (Chen et al., 2015).
The quality of a child's diet can be inﬂuenced by the introduc-
tion of complementary foods and children's eating behaviors
(Blissett, 2011; Haire-Joshu, Brownson, Nanney, Houston, Steger-
May, Schechtman, et al., 2003; Zhao & Xu, 2012). Picky eating, or
fussy eating, occurs when a child consumes a limited variety of
foods and frequently refuses both familiar and novel foods (Dovey,
Staples, Gibson, & Halford, 2008). It is a relatively common issue
which parents can be perceive to be problematic. Studies suggest
that picky children may have a different diet from non-picky chil-
dren, consuming a narrower, less-balanced variety of foods,
including fewer vegetables than do non-picky eating children
(Carruth, Skinner, Houck, Moran, Coletta, & Ott, 1998; Jacobi, Agras,
Bryson, & Hammer, 2003). Only a few studies have explored dif-
ferences in nutrient intakes between picky and non-picky eating
children (for a review, see Taylor, Wernimont, Northstone, &
Emmett, 2015). Although in some studies, picky children have
been found to consume lower amounts of nutrients such as vitamin
C, thiamin, riboﬂavin, niacin and dietary ﬁber, these amounts were
not inadequate, nor were picky eaters more likely to have inade-
quate intakes compared to non-picky eating children (Carruth,
Ziegler, Gordon, & Barr, 2004; Galloway, Fiorito, Lee, & Birch,
2005). In 3e7 year-old Chinese children, picky eaters' mean in-
takes of protein, iron, and zinc were found to be lower than in non-
picky eaters, but above the recommended nutrient intakes (Xue,
Zhao, Cai, Yang, Szeto, Maet al., 2015). Dietary ﬁber intake was
low in both groups, but signiﬁcantly lower in picky eaters (6.8 g vs.
7.6 g/day). There have been no publications, to date, on nutrient
intakes in younger Chinese picky eaters.
Most of the studies exploring the prevalence of picky eating
behaviors have been conducted outside of Asia (e.g., Carruth,
Ziegler, Gordon, Barr, 2004; Galloway et al., 2005; Taylor et al.,
2015; van der Horst, Deming, Lesniauskas, Carr, & Reidy, 2016).
Picky eating prevalence rates reported in US and European studies
cover a wide range, depending on the timing and method of
assessment. Mascola, Bryson, and Agras (2010) found that 39% of
children were identiﬁed as picky eaters at some point over a lon-
gitudinal study from ages 2e11, but only 13e22% were ever iden-
tiﬁed as picky at a given time point. Other studies have estimated
higher prevalence rates of more than 35% (Carruth& Skinner, 2000;
Carruth et al., 1998), although some studies with more stringent
deﬁnitions such as persistence of picky eating (Cardona Cano,
Tiemeier, Van Hoeken, Tharner, Jaddoe, Hofman, et al., 2015) or
using several subscales of the Child Eating Behavior Questionnaire
(e.g., using a latent proﬁle approach: Tharner et al., 2014) show
lower prevalence rates. The literature on the prevalence of picky
eating in Asian children, and more speciﬁcally in Chinese children,
is limited. A cross-sectional study in Singapore found that half of
the 1e10 year-old participants were picky (Goh & Jacob, 2012), and
studies exploring picky eating in 1e7 year old Chinese children
reported prevalence rates ranging from 17% to 54% (Jin Xing-ming,
Rong,& Adair, 2009; Y. Li, Shi, Wan, Hotta,& Ushijima, 2001; Zhang
Hong-mei, 2011); the wide variation in the prevalence rates might
be due to the different methods used to assess picky eating
behavior. Similar to studies in Europe and the US, picky eaters in
China were reported to consume less vegetables and ﬁsh; however,
unlike in other countries, Chinese picky eaters also ate less grains
(Xue, Lee, Ning, Zheng, Ma, Gao, et al., 2015).
In addition to food intake, the child's weight can also be a cause
for parental concern. The existing literature exploring the rela-
tionship between pickiness and underweight has produced
inconsistent results (Antoniou et al., 2015; C. L.; Brown, Schaaf,
Cohen, Irby, & Skelton, 2016; Carruth & Skinner, 2000; de Barseet al., 2015; Dubois, Farmer, Girard, Peterson, & Tatone-Tokuda,
2007; Galloway et al., 2005; Orun, Erdil, Cetinkaya, Tufan, & Yal-
cin, 2012; Xue, Lee, et al., 2015). Many of these studies have relied
on parent report to assess picky eating, but no studies to date have
explored whether parents of picky eaters are able to report their
children's food intake and weight status reliably.
The purpose of this study was to explore the relationship be-
tween parents' perception of picky eating and children's food
intake and weight status in a sample of Chinese infants and tod-
dlers. Three sets of analyses will be described in the current study
to explore whether parents of picky eaters have a reliable percep-
tion of their children's intake andweight. First, nutrient intakes will
be compared between picky and non-picky Chinese infants and
toddlers. Second, perceived food group rejection of picky eaters will
be compared to actual food group intake compared to non-picky
eaters. Finally, perceived weight status will be compared to actual
weight status for both picky and non-picky eaters.
As previous studies using single-item assessments of picky
eating tend to report high prevalence rates (e.g., Carruth et al.,
2004; Goh & Jacob, 2012), we hypothesized that many children
would be identiﬁed as picky eaters, with few differences between
the picky and non-picky group for dietary intake or weight. We
expected that children whose parents reported that they avoided a
certain food group would consume smaller quantities of that food
group than non-picky eaters. Finally, we expected that all parents
would tend to underestimate child weight.2. Material and methods
2.1. Subjects
This studywas embedded into theMaternal Infant Nutrition and
Growth (MING) study. The MING study is a cross-sectional study
designed to investigate the dietary and nutritional status of preg-
nant women, lactating mothers, and young children aged from
birth up to three years living in urban areas of China, conducted
between 2011 and 2012. Eight cities were chosen for the study,
distributed across geographical regions (north, central, and south).
The eight cities include a range of different socio-economic levels
and population sizes, including four ﬁrst tier cities (Beijing,
Shanghai, Chengdu, and Guangzhou) and 4 s-tier cities (Shenyang,
Lanzhou, Zhengzhou, and Suzhou). In each city, infants and tod-
dlers from birth to 35 months old were recruited from two service
centers of maternal and child care (SCMCC): one in an urban area
and one in a suburban area (N ¼ 2631). Details of the design have
been described in previous papers about the MING Study (Chen
et al., 2015; Wang et al., 2015). Only children aged 6e35 months
who had received complementary foods were included in the
current study (n ¼ 1414). Of these, 439 (31.0%) were infants aged
6e11 months, 485 (34.3%) were toddlers aged 12e23 months, and
490 (34.7%) were aged 24e35 months.2.2. Measurements
All information collected from the study was obtained through
face-to-face interviews with the children's caregivers conducted in
SCMCCs. The interview included a general questionnaire, including
child's date of birth, gender, ethnicity, parent-reported birth weight
and birth length, parents' education level, per capita family income,
child picky eating behaviors, and parent concerns about the child's
weight. Anthropometrics (child weight and height) and a dietary
intake assessment through a single 24-h dietary recall were also
collected. All interviewers were trained with a standard protocol.
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Picky eating status was ﬁrst deﬁned for the parents as ‘rejecting
certain types of foods and/or groups of foods’, after which the
parents were asked, ‘Do you consider your child to be a picky
eater?’ with parents answering ‘yes’ or ‘no’. Only parents who re-
ported their child to be a picky eater were asked the follow-up
question, ‘Which food category does your child avoid eating?’,
with the following possible responses (choose all that apply): milk
and dairy products (milk, yogurt, cheese, etc.), beans and bean
products (beans, soy milk, red bean, tofu, etc.), grains and grain
products (rice, noodles, porridge, etc.), vegetables (leafy vegetables,
onions, carrots, peppers, etc.), fruits (stone fruits, berries, citrus,
melons, dried fruits, etc.), meat (fresh meat, preserved meat, ﬁsh,
etc.), desserts (cakes, biscuit, sweets, etc.), eggs (fresh chicken eggs,
salted eggs, etc.), or other (salt, oil, and other foods not included in
any categories above). All parents answered the following question:
‘Do you think your child is overweight, normal, or underweight?’2.4. Dietary recall
Food intake of children was derived from one 24-h recall. In-
terviewers asked the primary caregiver about all foods, beverages
and supplements that the infant or toddler consumed on the pre-
vious day. A picture booklet of common foods consumed in China
and measurement aids such as spoons, cups and bowls were used
to estimate the amount of foods and beverages consumed. Food
records were entered and processed with a database created for
this study that included the Chinese Food Composition
Tables (CFCT) 2004& 2009 (Yuexin, 2004, 2009). The CFCT contains
information about 1773 foods with values for 36 nutrients (see
Table 2). As there was limited data on infant products in the CFCT,
we supplied nutrient information for an additional 78 branded
baby food and infant formula products, based on the product labels.
When nutrient information was missing, the nutrient content of a
similar product was used. Finally we also compiled nutritional in-
formation from 75 vitamin, mineral, and other dietary supplements
consumed by Chinese children.2.5. Anthropometric measurements
Anthropometrics were measured by trained researchers,
following the same protocol in all centers. The length and weight of
infants of 23 months and under was measured in a lying position
with a 2-m-long steel tape with a minimum accuracy of 1 mm. The
height of toddlers of 24 months and over was measured in a
standing position, with a 2-m-long steel tape with 1 mm as the
minimum accuracy. A calibrated spring scale with a minimum ac-
curacy of 0.1 kgwas used tomeasure the bodyweight of children 23
months and under. A ﬂoor scale with a minimum accuracy 0.1 kg
was used to measure the body weight for children 24 months and
over. Children were weighed in their underclothes and diaper, and
the weight of the diaper was subtracted from the measured weight.2.6. Ethical approval
The present study was conducted according to the guidelines
given in the Declaration of Helsinki, and all procedures involving
human subjects were approved by the Medical Research Ethics
Board of Peking University (Approval No. IRB00001052-11042).
Written informed consent was obtained from all participants’
legal guardian prior to their inclusion in the study.2.7. Statistical analyses
All statistical analyses were conducted using IBM SPSS Statistics
version 20.0 (Armonk, NY: IBM Corp). Children were categorized
into three age groups: 6e11 months, 12e23 months, and 24e35
months. The prevalence of picky eating in each age group was
calculated and the trend of percentage change with age was
assessed using Linear-by-Linear Association tests. Statistical dif-
ferences between picky and non-picky eaters for gender, cities,
education, income, weight status, and concern about the child's
nutrition status were tested using Chi-square tests. Weight and
length/height data were transformed into Weight for Height Z-
scores (WHZ) and then divided into three levels (underweight,
normal, and overweight) according to the World Health
Organization child growth standards (2015): children with a WHZ
of less than 2 were considered to be underweight, those with a
WHZ between2 and 2 were classiﬁed as normal, and those with a
WHZ of more than 2 were categorized as overweight.
Mean intake of energy and nutrients and the number of
different foods consumed were calculated for both picky and non-
picky eaters in the three age groups and compared using Mann-
Whitney U tests. The percentages of children refusing speciﬁc
food categories were calculated for each age group. For each cate-
gory of foods, the actual intakes of that food group in grams and
kcal (based on 24-hr recall data) were compared between the
group of children who were reported to avoid that food group and
the non-picky eaters using Mann-Whitney U tests.
Differences between observed and reported weight status for
picky and non-picky eating children were compared using Chi-
square tests.
3. Results
3.1. Participant characteristics
Participants were distributed fairly evenly across the three age
categories (n ¼ 439, 485, and 490), and across the cities included in
the study (12.1e13.4% of the participants from each city; Table 1).
There were more boys (n ¼ 753; 53.3% of sample) than girls
(n ¼ 621; 43.9%) included in the study (c2(1) ¼ 12.68, p < 0.001;
n¼ 40 children did not have sex data available). Almost all children
(94.6%) were of Han ethnicity. The most common parent educa-
tional level was a bachelor's degree (31.7%), and the most
commonly reported monthly per capita household income was in
the ¥1501e4000 range (49.4%).
3.2. Participant characteristics by picky eater status
Overall, 23.8% of parents considered their infant or toddler to be
a picky eater (Table 1). The percentage of picky eaters increased
signiﬁcantly with age, from 12.3% at 6e11months to 21.9% at 12e23
months, and then to 36.1% at 24e35months (p< 0.001). Therewere
no signiﬁcant differences in gender, ethnicity, or city between picky
and non-picky eaters. Caregivers of the non-picky eaters had
signiﬁcantly higher education levels than those of picky eaters
(p ¼ 0.016), but there was no signiﬁcant difference in income level
between the picky and non-picky groups.
3.3. Energy and nutrient intake
The energy and nutrient intakes of the full sample of infants and
toddlers, including comparisons with reference values was pub-
lished in a previous paper (Chen et al., 2015). Comparisons between
picky and non-picky eaters for energy and nutrient intakes are
presented in Table 2. There were no signiﬁcant differences between
Table 1
General characteristics of the study sample of picky and non-picky Chinese infants and toddlers.
Categories Total Picky Non-Picky p value
N %a N %b N %b
Age Group
6-11 months 439 31.0% 54 12.3% 385 87.7% <0.001
12-23 months 485 34.3% 106 21.9% 379 78.1%
24-35 months 490 34.7% 177 36.1% 313 63.9%
Gender
Male 753 53.3% 167 49.6% 586 54.4% 0.091
Female 621 43.9% 162 48.1% 459 42.6%
Missing 40 2.8% 8 2.4% 32 3.0%
Ethnicity
Han 1337 94.6% 320 95.0% 1017 94.4% 0.850
Others 74 5.2% 17 5.0% 57 5.3%
Missing 3 0.2% 0 0.0% 3 0.3%
City
Beijing 189 13.4% 49 14.5% 140 13.0% 0.228
Suzhou 178 12.6% 48 14.2% 130 12.1%
Guangzhou 172 12.2% 47 13.9% 125 11.6%
Zhengzhou 171 12.1% 29 8.6% 142 13.2%
Chengdu 180 12.7% 42 12.5% 138 12.8%
Lanzhou 174 12.3% 44 13.1% 130 12.1%
Shenyang 171 12.1% 33 9.8% 138 12.8%
Shanghai 179 12.7% 45 13.4% 134 12.4%
Education of caregivers
Junior high school and under 172 12.16% 51 15.1% 121 11.2% 0.016
Senior high School 298 21.07% 79 23.4% 219 20.3%
College degree 294 20.79% 78 23.1% 216 20.1%
Bachelor degree 448 31.68% 84 24.9% 364 33.8%
Postgraduate 202 14.29% 45 13.4% 157 14.6%
Monthly household income per person (¥)
1500 and under 168 11.88% 46 13.6% 122 11.3% 0.171
1500e4000 699 49.43% 151 44.8% 548 50.9%
4000 and above 485 34.30% 122 36.2% 363 33.7%
Missing 62 4.38% 18 5.3% 44 4.1%
a The percentage accounted for total sample.
b The percentage accounted for all the samples in picky/non-picky group.
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groups. In the 6-11 month-old infants, picky eaters had lower in-
takes of vitamin A (508.5 mgRe/d vs. 670.2 mgRe/d, p< 0.05), thiamin
(262.0 mg/d vs. 313.0 mg/d, p < 0.05), riboﬂavin (0.6 mg/d vs.
0.8 mg/d, p< 0.05), vitamin B6 (0.2mg/d vs. 0.3mg/d, p < 0.05), and
vitamin C (44.5 mg/d vs. 58.4 mg/d, p < 0.05) than did non-picky
eaters. No signiﬁcant differences in intake were found for tod-
dlers 12e23 months old. Picky toddlers of 24e35 months old
consumed greater amounts of fat (43.9 g/d vs. 39.4 g/d, p < 0.05)
than did non-picky eaters in this age group. There were no other
signiﬁcant differences in this age group.
3.4. Variety of foods consumed
We also explored whether reported picky eating might be more
closely associated with the variety of foods consumed rather than
the intake of particular nutrients, comparing the number of foods
reported for the picky-compared to non-picky eaters in both the
24-h recall and on a food frequency questionnaire (FFQ) and found
no signiﬁcant differences between groups in any age group.
3.5. Parents' reports of food categories avoided by children
Parents' reports of food categories avoided by picky eaters are
shown in Table 3. The main food categories that were avoided by
6e11 month-old picky eaters were milk and dairy products (27.8%),
followed by desserts (20.4%), beans and bean products (16.7%), and
meat (16.7%). In toddlers aged 12e23 months, the main food group
reported to be avoided was vegetables (33.0%), followed by grains
and grain products (17.0%), and eggs (15.1%). In toddlers aged24e35 months, the main food group avoided was also vegetables
(50.8%), followed by meat (23.2%), and grains and grain products
(10.7%).
Daily intakes of various food groups by picky eaters who
reportedly avoided that speciﬁc food groups and non-picky eaters
are shown in Table 4a and Table 4b. Mean intake in grams (Table 4a)
of eggs and fruits were lower in children reported to avoid these
food groups than in non-picky children. In contrast, mean intakes of
meat were higher in picky eating children whose parents indicated
that they avoided this speciﬁc food group compared to non-picky
eating children. No signiﬁcant differences in intake (grams) were
found for the other food groups.
When total energy consumed by food group was tested as an
outcome measure (Table 4b), analyses showed that children said to
avoid vegetables or meat consumed more energy in these food
categories than those who were non-picky (50 kcal vs. 33 for veg-
etables, p < 0.001; 251 vs. 150 for meat, p < 0.01). There were no
signiﬁcant differences for other food groups.
3.6. Parents' perception of child weight
The weight status of both picky and non-picky eaters from
measured length/height and weight was compared to parents'
report of the perceived weight status (Table 5). Based on the
anthropometric data, picky eating and non-picky eating children
had similar weight status distributions (p ¼ 0.412). However,
caregivers of picky eating children were more likely to report their
children to be underweight than were parents of non-picky chil-
dren (p < 0.001). Parents of both picky and non-picky eaters were
more likely to underestimate than overestimate their children's
Table 2
Energy and nutrients intakes of infants and toddlers by picky eater status (Mean ± SD).
Energy/Nutrient (Mean ± SD) Age Group (months) b
6e11 12e23 24e35
Picky Non-Picky Picky Non-Picky Picky Non-Picky
Energy (kcal) 727.2 ± 487.2 743.9 ± 417.6 1108.2 ± 645.5 1146.1 ± 647.8 1200 ± 545.7 1182.4 ± 609.8
Protein (g) 23.5 ± 14.8 24.2 ± 15.6 39.3 ± 23.5 41.3 ± 26.4 46.2 ± 23.5 45 ± 24.2
Fat (g) 23.2 ± 15.8 25.7 ± 13.8 39.9 ± 26.3 41 ± 27.8 43.9 ± 25.7a 39.4 ± 23.2
Carbohydrate (g) 108.3 ± 88.2 105 ± 72.5 150.1 ± 94.6 154.8 ± 92.6 159.8 ± 79.4 165.5 ± 96.4
Diet Fiber (g) 1.7 ± 1.7 2.1 ± 3.0 3.5 ± 2.5 4.3 ± 4.4 5.7 ± 5.4 5.9 ± 7.1
Cholesterol (g) 234.6 ± 246 254.9 ± 310.2 322.6 ± 310.6 298.6 ± 258.3 337.4 ± 266.9 373.7 ± 335
Vitamin A (mgRe) 508.5 ± 384.5a 670.2 ± 564.3 907.7 ± 802.2 867.2 ± 801.5 712.7 ± 629.1 691.2 ± 552.8
Thiamin (mg) 262.0 ± 394.6a 313.0 ± 420.4 0.4 ± 0.8 0.4 ± 0.7 0.2 ± 0.4 0.3 ± 0.8
Riboﬂavin (mg) 0.6 ± 0.5a 0.8 ± 0.6 1.2 ± 1.2 1.2 ± 1.2 1.0 ± 0.8 1.1 ± 1.1
Niacin (mgNE) 4.6 ± 4.2 4.2 ± 3.3 6.8 ± 4.4 7.7 ± 5.8 8.6 ± 5.3 8.9 ± 6.6
Vitamin B6 (mg) 0.2 ± 0.3a 0.3 ± 0.4 0.6 ± 0.8 0.5 ± 0.5 0.5 ± 0.4 0.6 ± 0.8
Biotin (mg) 16.1 ± 12 18.7 ± 14.8 26.5 ± 18.9 27.5 ± 22.7 29.1 ± 19.1 29.8 ± 26.8
Folic Acid (mg DFE) 81.7 ± 124.3 91.8 ± 89.0 141.5 ± 110.2 137.7 ± 108.2 178.1 ± 195.9 172.7 ± 170.4
Vitamin C (mg) 44.5 ± 42.7a 58.4 ± 45.3 88.1 ± 86.0 86.7 ± 92.6 88.1 ± 290.3 69.3 ± 67.9
Vitamin E (mg) 7.0 ± 5.5 7.6 ± 9.2 11.1 ± 7.7 12.5 ± 8.7 12.4 ± 8.3 12.4 ± 9.2
Calcium (mg) 503.0 ± 556.8 539.2 ± 408.5 812.4 ± 736.2 801.1 ± 853.5 650.1 ± 516.3 642.3 ± 535.7
Phosphorus (mg) 425.6 ± 334.5 441.1 ± 288.6 733.6 ± 496.3 772.5 ± 597.4 763.4 ± 402.1 760.9 ± 422.7
Potassium (mg) 541.8 ± 394.4 661.5 ± 487.2 1317.2 ± 971.5 1331.3 ± 1036.6 1355.3 ± 768.6 1335.2 ± 849.7
Sodium (mg) 517.6 ± 624.5 581.4 ± 1070.1 2140.9 ± 1631.2 2470.5 ± 1786.3 2164 ± 1743.3 2334.3 ± 2637.3
Magnesium (mg) 114.7 ± 69 122.5 ± 80.8 144.5 ± 79.4 153.8 ± 99.2 156 ± 76.6 162.3 ± 92.6
Iron (mg) 8.3 ± 6.6 8.7 ± 6.0 13.0 ± 9.0 13.4 ± 9.5 15.0 ± 11.3 15.3 ± 15.1
Zinc (mg) 5.3 ± 4.6 5.0 ± 3.1 7.5 ± 5.1 7.7 ± 5.6 7.7 ± 4.2 7.6 ± 4.5
Selenium (mg) 14.7 ± 10.9 15.4 ± 12.7 25.4 ± 20.7 27 ± 20.6 29.4 ± 15.4 31.1 ± 18
Copper (mg) 0.5 ± 0.4 0.7 ± 1.1 1.0 ± 0.7 1.0 ± 0.9 1.1 ± 0.7 1.1 ± 0.8
Manganese (mg) 1.1 ± 1.2 0.9 ± 1.1 1.7 ± 1.2 1.9 ± 1.3 2.4 ± 1.4 2.6 ± 2.1
a There were statistically signiﬁcant differences between picky and non-picky eaters. These entries are also marked in bold for better visibility.
b Chinese DRIs(Chinese-Nutrition-Society, 2002): 6e11 months, RNI:Energy 95 kcal/kg, zinc 8 mg; AI:Protein 1.5e3.0(g/kgd), vitamin A 400 mgRe, thiamin 0.3 mg,
riboﬂavin 0.5 mg, niacin 3 mg NE, vitamin C 50 mg, vitamin E 3 mg, Ca 400 mg, P 300 mg, K 700 mg, Na 500 mg, Mg 70 mg, Fe 10 mg, Se 20 mg, Cu 0.6 mg 12e23 months,
RNI:Energy 1100kcl for male, 1050 kcal for female, vitamin A 500 mgRe, thiamin 0.6mg, riboﬂavin 0.6mg, niacin 6 mg NE, zinc 9mg, Se 20mg,; AI:Protein 35 g, vitamin C 60mg,
vitamin E 4 mg, Ca 600 mg, P 450 mg, K 1000 mg, Na 650 mg, Mg 100 mg, Fe 12 mg, Cu 0.8 mg 24e35 months, RNI:Energy 1200kcl for male, 1150 kcal for female, zinc 8 mg;
AI:Protein 40 g; others are same as 12e23 months.
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rection of misclassifying children as underweight. Parents with
lower education levels weremore likely to consider their child to be
underweight (p < 0.05; data not shown).4. Discussion
The aim of this studywas to explore picky eating as perceived by
the parents or caregivers in a Chinese sample of infants and tod-
dlers to gain insight about the prevalence of picky eating, and these
children's food intake and weight status. The prevalence of pickyTable 3
Percentage of parents who indicated that their picky eaters avoid speciﬁc food
groups by age.
Category Age (month) Total
6e11 12e23 24e35
N %a N %a N %a N %a
Milk and dairy products 15 27.8% 7 6.6% 9 5.1% 31 9.9%
Bean and bean products 9 16.7% 9 8.5% 13 7.3% 31 9.1%
Grain and grain products 8 14.8% 18 17.0% 19 10.7% 45 13.0%
Vegetable 8 14.8% 35 33.0% 90 50.8% 133 37.4%
Fruits 3 5.6% 8 7.5% 18 10.2% 29 8.5%
Meat 9 16.7% 14 13.2% 41 23.2% 64 17.6%
Dessert 11 20.4% 14 13.2% 9 5.1% 34 10.2%
Eggs 8 14.8% 16 15.1% 14 7.9% 38 11.9%
Totalb 46 106 177 329
a Percentage of infants who avoided to eat this food category by age group.
b Total number of picky eaters by age group is less than the sum of individual food
categories avoided because some childrenmay have avoided foods inmore than one
category.eating as reported by parents ranged between 11% in infants to 36%
in preschoolers, rates comparable to those found in a previous
study of picky eating in China among 2-36month-old children (Xiu,
Jing, & Cai-rong, 2011). Picky eating prevalence is reported to be
54e59% in 3e12 year old Chinese children (Xue, Lee, et al., 2015;
Xue, Zhao, et al., 2015). Similar prevalence rates, as well as the
trend of pickiness increasing with age have also been reported in
studies from the US and Europe (Carruth & Skinner, 2000; Carruth
et al., 1998, 2004; Mascola et al., 2010), generally ﬁnding a peak of
picky eating at around 3 years-old (Cardona Cano et al., 2015), the
upper end of the age-range in the current study.
Mothers who identiﬁed their children to be picky eaters were
less educated, on average, than the mothers of non-picky eaters. A
previous study in China showed that parents with higher levels of
education were more knowledgeable about infant feeding and
more likely to actively seek information about feeding (Ying Liu,
2013).
Although there were some differences in nutrient intakes found
between picky and non-picky eaters, these were not consistent
across the various age groups. The 6e11 month-old picky eaters
had lower intakes of vitamin A, riboﬂavin, thiamin, vitamin B6, and
vitamin C than did non-picky eaters; however, the mean intakes for
vitamin A and riboﬂavin were above the Chinese Adequate Intake
reference values (Chinese-Nutrition-Society, 2002) for both groups.
It is also important to note that the mean vitamin A intake in picky
eating infants did not exceed the Upper Level, while this was the
case for non-picky eating infants. These results are in line with
previous research (Antoniou et al., 2015; Carruth & Skinner, 2000;
Mascola et al., 2010) and indicate that picky eating behaviors, as
reported by the parent, do not likely have severe consequences on
the nutrition status of the child. It is therefore more likely that
Table 4a
Daily intake of food groups in grams of picky eaters reported to avoid speciﬁc food groups and non-picky eaters.
Group Avoids this category Non-picky p value
n Mean ± SD n Mean ± SD
Milk and dairy products 31 298.15 ± 214.90 1077 223.62 ± 208.86 0.052
Bean and bean products 31 0.00 ± 0.00 1077 1.44 ± 11.63 0.257
Grain and grain products 45 117.34 ± 82.21 1077 154.07 ± 139.28 0.254
Vegetables 133 66.22 ± 87.56 1077 52.77 ± 72.79 0.074
Fruit 29 45.29 ± 78.87 1077 78.940 ± 121.77 0.039*
Meat 64 67.51 ± 80.17 1077 49.07 ± 88.80 0.009**
Desserts 34 409.24 ± 362.39 1077 439.10 ± 350.67 0.519
Eggs 38 26.06 ± 43.81 1077 36.87 ± 44.42 0.036*
*: daily intake of the food type is signiﬁcantly different between picky and non-picky eaters at p < 0.05; **: signiﬁcant at p < 0.01.
Table 4b
Daily intake of food groups in kcal of picky eaters reported to avoid speciﬁc food groups and non-picky eaters.
Group Avoids this category Non-picky p value
n Mean ± SD n Mean ± SD
Milk and dairy products 31 177.28 ± 189.63 1077 318.79 ± 379.36 0.130
Bean and bean products 31 36.35 ± 123.47 1077 32.32 ± 117.14 0.661
Grain and grain products 45 491.25 ± 520.70 1077 450.29 ± 449.75 0.903
Vegetables 133 50.18 ± 113.84 1077 32.7 ± 79.77 0.001a
Fruit 29 29.58 ± 78.67 1077 48.91 ± 107.28 0.211
Meat 64 251.38 ± 304.77 1077 150 ± 257.01 0.003a
Desserts 34 102.12 ± 224.69 1077 93.72 ± 228.55 0.826
Eggs 38 69.76 ± 126.27 1077 89.32 ± 115.61 0.165
a Daily intake of the food type is signiﬁcantly different between picky and non-picky eaters at p < 0.01.
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their children a healthy diet, as well as parents' expectations of how
children should eat.
Parents reported that vegetables and meats were the most
commonly avoided food groups. However, even though parents
indicated that their picky eating children avoided certain food
groups, when actual intake of these foods was compared with non-
picky eaters, mean intake of meat (in grams and energy) was higher
in picky eating children whose parents indicated that they avoided
this speciﬁc food group. Only the mean intakes of eggs and fruit
were lower in the children reported to avoid these food groups
compared to non-picky children. The lower intake of eggs among
picky eaters was also reported in a study in US children (van der
Horst et al., 2016). For the other food groups, there were no sig-
niﬁcant differences in intake in grams between groups.
It is of note that for the vegetable category, where no signiﬁcant
difference was found in intake in grams, the results showed that
children said to avoid vegetables consumed more energy from
vegetables than those who were non-picky. Taken together, these
results show that parents' perceptions of food intake in picky eaters
does not reﬂect an actual difference in quantity consumed of
particular food groups, although it may suggest that picky eaters
consume more energy-dense foods within these categories than
their non-picky peers. It is possible that parents' responses that theTable 5
Parents' reported and observed weight status of children.
Bodyweight Status Picky Non-picky
Reported Observed Reported Observed
n % n % n % n %
Overweight 17 5.10% 47 14.20% 79 7.40% 169 16.00%
Normal 229 68.20% 278 84.20% 842 78.80% 873 83.00%
Underweight 90 26.80% 6 1.60% 148 13.80% 11 1.00%child is “avoiding” a certain category really reﬂects the parents'
struggle to convince the child to eat particular foods from that
category, but this hypothesis would need to be tested in future
studies.
Parents of picky eaters tended to underestimate their children's
weight: fewer parents considered their children to be overweight
and more parents considered their child to be underweight
compared to the measured weight status. A similar, but less strong
pattern could be seen in Chinese parents of non-picky children.
Western parents have also been reported to underestimate their
children's weight, with a meta-analysis suggesting that half of
parents of overweight or obese children underestimated their
child's weight status (Lundahl, Kidwell, & Nelson, 2014). However
the association between the underestimation of overweight and
picky eating had not previously been reported.
It is possible that the tendency to underreport children's weight
may be related to parents' beliefs about the ideal appearance for a
baby. In traditional Chinese culture, a fat baby is a sign of health and
wealth. With the economic development of the country, people
have acquired more health-related knowledge about feeding in-
fants and how keep them healthy. However, this idea that babies
need to be fat to be healthy still exists in the Chinese culture and is a
belief that can lead to feeding infants and toddlers high-caloric
foods and letting them grow overweight or obese (Jingxiong
et al., 2007; B.; Li, Adab, & Cheng, 2015). This misconception
might be stronger in less educated parents with less knowledge
about infant feeding. Indeed, in the current study, parents with
lower levels of education were more likely to report having a picky
child and these parents were also more concerned that their child
was underweight.
Irrespective of whether parental concerns about children's food
intake or weight status are warranted or not, parents often resort to
a variety of strategies to increase food intake (Edelson, Mokdad, &
Martin, 2016; Orrell-Valente et al., 2007; Shloim, Edelson, Martin,&
Hetherington, 2015; Vaughn et al., 2015; Zeinstra, Koelen, Kok, van
Z. Li et al. / Appetite 108 (2017) 456e463462der Laan, & de Graaf, 2010) and parents of picky eaters have been
shown to use certain feeding practices at different frequencies than
those of non-picky eaters (Edelson, Mokdad, van der Horst, &
Martin, 2016). Some controlling feeding strategies, such as using
pressure to eat, might contribute to the child's picky eating by
creating a stressful eating experience for the child (A. Brown & Lee,
2011; Dovey et al., 2008; Schwartz, Scholtens, Lalanne, Weenen, &
Nicklaus, 2011; van der Horst, 2012), and indeed have been shown
to be more strongly associated with food refusals in picky eaters
than in non-picky children (Edelson, Mokdad, van der Horst, et al.,
2016). For this reason, it is important to consider the potential
implications of parents' concerns on their feeding practices and the
child's eating behavior. Parents may need guidance on ways of
introducing or reintroducing foods into the child's diet using
techniques associated with positive outcomes, such as using
modeling or reasoning, rather than more coercive methods.
The study had a few limitations that could have an effect on the
study outcomes or generalizability of the ﬁndings. First, as there is
no universally accepted deﬁnition of “picky eating”, child picky
eating status was based on the parents' subjective perception as
assessed by questionnaire. As parents may differ in their percep-
tions of healthy eating and their experience feeding their infants,
parents may differ in how they classify their children as a picky
eater or not. A single-question assessment of picky eating may not
have been the most sensitive measure of picky eating, but no gold
standard tool has yet been identiﬁed. Further, parents may differ in
their feeding practices or the foods offered to the child, providing
variable opportunities to observe picky eating behaviors. Second,
energy and nutrient intakes were derived fromone 24-h recall, thus
the impact of picky eating on usual nutrient intakes could not be
calculated. Although using a single day of intake data for analysis
requires making an assumption that day is typical or representative
of the child's usual intake, it has been suggested that infant and
toddler diets generally vary less between days than do adult diets
(Lanigan, Wells, Lawson, Cole, & Lucas, 2004). Third, behavioral
factors that could be associated with picky eating, such as parents'
eating behavior and pressure to eat (Taylor et al., 2015) were not
included in this large scale nutritional survey and it was therefore
not possible to explore the factors associated with picky eating
within the current dataset. Finally, the subjects of the study were
recruited from 8 highly developed Chinese cities. Therefore, the
results should reasonably reﬂect the diet of young children in urban
China, but may not be generalizable to rural China.
5. Conclusions
The prevalence of parent-reported picky eating seems to
represent a similarly sized problem in China as in western coun-
tries. In this study, nutrient and calorie intakes did not differ be-
tween picky eating and non-picky eating children. The perception
of food refusal in parents of picky eaters might be overestimated, or
parents may offer more palatable (and energy dense) alternatives
to rejected foods, evenwithin the same food group. Parents of picky
eaters were more likely to underestimate their children's body
weight. Therefore, picky eating in infants and toddlers is more
likely to be a problem of high parental concern about their chil-
dren's eating behaviors and weight. In healthy childrenwith typical
growth patterns, picky eating seems to be a normal phase of
development for some children without substantial consequences
on their nutrient and food group intakes. However the concerns of
caregivers, especially concerns regarding weight status, might lead
to overfeeding or unhealthy feeding practices. The effect of weight
and intake concerns of Chinese caregivers on the development of
dietary patterns andweight status in children could be examined in
future studies with longitudinal designs.Acknowledgements
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